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STORYBOARD DEVELOPMENT AS A METHODOLOGY TO DEVELOP
INTEGRATED OPERATIONAL CONCEPTS
Demetrius O. Madrigal, Metric Lab
Nicole J. Stasio, San Jose State University
Daniel N. Peknik, San Jose State University
Bryan U. McClain, Metric Lab
Bettina L. Beard Ph.D, NASA Ames Research Center

We utilized a visualization method known as storyboarding, a design and simulation
methodology that is effective at evaluating system implementation concepts in operational
context. Using the NextGen Midterm Operational Improvements as a platform, we used human
factors and design principles in coordination with input from Air Traffic Controllers and FAA
project managers to provide a script and visualization of the Midterm operational environment
for Tower and TRACON. The storyboards include a range of both nominal and off‐nominal
arrival/departure scenarios. The nominal storyboards provide a conceptual baseline of NextGen
capabilities and procedures in an ideal scenario. The off‐nominal storyboards will serve as a
means to generate and evaluate integration concepts that address more challenging and
complex situations. This poster session will present storyboard development methods and
anticipated application.

The Next Generation Air Transportation System
The Next Generation Air Transportation System (NextGen) is a modernization effort of the National
Airspace System (NAS) consisting of a set of Operational Improvements (OIs) that describe added
capabilities and procedural changes intended to increase capacity, efficiency, and safety. Like many
other large, complex systems, individual NextGen components are being developed in relative isolation
and with a phased implementation (both legacy and new systems are planned to operate concurrently).
This could result in inconsistencies in user interfaces that would impact the performance of the ANSP,
increase workload, decrease overall situation awareness and create the potential for critical operational
errors.
Current controller workstations are composed of disparate and variable systems that were
developed independently without consistency in user interfaces. The non‐integration of systems forces
the air traffic controller (ATC) to divert attention away from his or her main focus to acquire needed
information such as weather or location codes from separate systems as well as adjust to the use of a
different user interface, which can slow response times. Non‐integrated systems can increase workload,
increase fatigue, reduce performance, and contribute to operational errors and poorly support efficient
control of high‐volume air traffic (Perry, 1997; Wickens, Mavor, Parasuraman, and McGee, 1998).

The goal of the current project is to develop a concept of systems integration that will guide
development of workstations that integrate functionality provided by various current and NextGen
systems. These workstations will implement a consistent user interface across air traffic control facilities
and a consistent and highly usable interface will support NextGen OIs. The unified user interface should
eliminate the need to adjust to different interfaces while performing operator duties. The integration of
various functions into a single workstation should reduce the need to divert attention from primary
focus to acquire needed information. These benefits should allow the ATCs to more easily manage
higher‐volume air traffic.

Storyboards
Storyboards are a way of visually conceptualizing a process that incorporates operational
context in a way that is easy to understand. Storyboards are intended to illustrate the effect of
integrating the different OIs into ATC operations and to explore the impact of different technological
integration and implementation concepts. Storyboards for design purposes share commonalities with
storyboards in the motion picture industry. In both cases, storyboards are a method to explore concepts
through images. Also, in both cases, they rely upon a narrative (telling a story) in order to convey
complex concepts and processes in a way that is easily consumable by the reader. In both cases,
storyboards are developed from shooting scripts, in which events are described in moderate detail using
a formal structure. The formal structure supports conversion to visualization, ease of editing, and allows
a modular format in which events can be easily inserted or removed.
The intended consumers of storyboards are system designers, who use concepts and processes
explored in the storyboards to make design decisions. Storyboards are conceptual by nature and so
should be viewed as propositions of task flow and interaction concepts. They can help to generate
discussion by presenting ideas in a concrete format that generates a common understanding. At early
points in development, storyboards are very general and somewhat simplified in order to determine
system functions and general processes. As the design process progresses, storyboards become filled
with detail in order to guide more specific interface design decisions such as information display location
and iconography.
For the purposed of our current project, we focused on Air Traffic Control Tower and TRACON
operations. Specifically, we examined departure and arrival operations with various nominal and off‐
nominal events in order to explore how these operations could occur with NextGen technology.
In order to develop the storyboards, the following steps were completed:
1. A thorough review of data source background materials
2. Development of scenarios and events through collaboration with ATC SMEs
3. Identification of differences between current and NextGen operations
4. Preparation of storyboard scripts

5. Completion of scripted event and interface concept visualizations

Data Sources
A thorough understanding of current and planned NextGen air traffic control operations is
essential to developing meaningful visual depictions of integration concepts. In order to acquire this
understanding, we conducted a thorough review of the following data sources:


Operational Improvements from the NAS EA



Task Analyses (cognitive and job task analyses)



JO7110.65T ATC procedures



Concept of Operations – these often include operational scenarios that can be helpful in
determining task flow for storyboard scripts. These scenarios are typically extremely high level.
o

Midterm, STBO, TFDM, Go Button (XFS), DataComm, IADS, Surface Conformance
Monitor, 3D Path Arrival Management (PAM), Collaborative Airspace Constraint
Resolution (CACR), Required Time of Arrival (RTA), Flight Object, Time Based Flow
Management (TBFM)



OV5 and OV6 Scenarios



Input and collaborative feedback from experienced Air Traffic Controllers and Commercial Pilots



Communication with FAA stakeholders

Scenario Development
A scenario typically includes a general description of events that will occur within a hypothetical
situation. A storyboard script is constructed using a scenario as a foundation to establish events and
should provide a step‐by‐step description of the tasks that are undertaken in response to the events. To
establish a useful scenario we collaborated with air traffic control Subject Matter Experts (SMEs. This
ensured an accurate understanding of current‐day operations, processes, and task flow. In order to
establish the scenarios, we took the following actions:


Identified the scope of the script (e.g., integrated/arrival departure, ground taxi
operations)



Identified relevant perspectives (e.g., ground control, local control, supervisor)



Identified the setting of the script (i.e., location, conditions, timeframe)



Created a list of events planned for the scenario



Reviewed the list of events with SMEs to identify additional events



Collaborated with SMES to identify operations undertaken in response to planned
events



Collaborated with SMEs to identify processes and current‐day task flows that compose
operations. (For example “what actions would you take to reroute aircraft on the
surface following an airport reconfiguration?”)

Current Day and NextGen Operations
To accurately depict operations in the established NextGen timeframe, we identified differences
between current‐day and NextGen operations. The primary source of information regarding NextGen
operations were the OIs provided on the NAS EA website. Additional sources of information included the
ConOps and OV6 scenarios. SMEs also provided ideas of how NextGen technology may alter current day
operations. Once differences were identified, we described them in the script through the use of an OI
Impact Statement.
An OI Impact Statement specifies, for a given step, how the current‐day operation is expected to
change once the OI is implemented. OI Impact Statements were written to reflect the specific difference
between current and NextGen operations.
In addition to OI Impact Statements, we also constructed statements called Integration Points.
Integration Points occur when the combination of OI‐based capabilities implies capabilities not explicitly
stated in the operational improvements. Integration Points describe how the OIs or systems interact and
what benefit the interaction provides to operations.

Preparing Scripts
Storyboard scripts were organized like a motion picture shooting script . The scripts are
structured into short paragraphs (or steps), with each step denoted by a number. Each step and its
associated number correspond to a single frame in the eventual storyboard. Each step includes the
following content: what action is taking place, where the action is taking place (may be omitted if the
same as the previous step), and who are the actors. Each step describes a single action, so if a step is the
transmission of a data communications route assignment, the next step might be acknowledging a
notification from the system that the message was successfully transmitted. As the different steps link
together, the action in each step leads to the next task and establishes a task flow. All scripts were
reviewed by several SMEs before being approved for visualization.

Visualization
Visualizations were completed by an Interaction/Visual Designer using a process of hand‐
sketches, translated into higher resolution images in a free 3D software package named Blender. Visual
cells were vetted in the low‐fidelity form prior to conversion into three dimensions. Entire Tower,
TRACON and En Route facility representations were populated with current field systems such as ASDE‐X
and CARTS‐III. These were then modified to suit ideas represented in the OI Impact Statements and
Integration Points. The 3D cells that resulted were placed into an Adobe Illustrator template designed to
scale for multiple uses and best tell a complex story while maintaining a consistent look‐and‐feel.

Operational Improvements and Integration Points were called out in each cell as needed to directly
connect visuals to the task at hand. See Figure 2 for an example of a visualized storyboard.

Figure 2: Example Storyboard Visualization
In order to create visualizations of systems and interfaces still under development, many of the
screen designs, equipment layouts and tasks performed by controllers were created for the storyboards.
These concepts were generated in accordance with Interaction Design best practices in such a way that
they represented NextGen ideas with a level of specificity that avoided narrowly defining a particular
concept or idea. Approximately eighty 3D cells and one hundred and twenty screen designs were
created, culled down and fitted into template form. The visualizations were designed to be presented in
comic‐cell layout. Each image was also tagged with keywords in order to be retrieved from a
requirement’s database when appropriate relational search terms were entered.

Application
The primary application of the storyboards is the exploration of various design and user
interface concepts, identification of key operational differences between current and NextGen Midterm
operations, and identification of needed integration of systems. This process can also be used for
exploration of other operations (En Route, Traffic Management operations, etc.).

Storyboard Architecture and Modularity
The storyboard development process is designed to be modular and flexible. The scripts are
designed so that nominal and off‐nominal events (e.g., TMI dissemination with ground stop) can be
inserted by replacing numbered steps in a baseline script. Likewise, the visualization process includes a
library of pre‐constructed images and screens that can be adjusted in such a way to insert nominal and
off‐nominal events relatively quickly. This visual architecture allows for agile production of storyboards
that illustrate operational concepts of various nominal and off‐nominal events in response to requests
from FAA stakeholders. Limitations to this modular process include examination of different types of
operations (e.g., meteorological operations) or in different facilities (e.g., ARTCC). For these types of
scenarios, no baseline scripts have yet to be developed nor have visual libraries been created, thus they

would require significantly more time to develop. In addition, changes to underlying assumptions could
take more time to implement.

Cognitive Walkthroughs
Cognitive walkthroughs are currently planned, using the storyboards as stimulus materials.
These cognitive walkthroughs will be conducted with a team of air traffic controllers and will describe
controller thought processes, information needs, and decision‐making processes for each action
depicted in the storyboards using a structured interview format. This information can lead to
generation of Human Systems Integration requirements, validation of user interface concepts, and
additional controller needs.

Additional Research
Storyboards can also be used to structure additional research efforts including part‐task and full
task simulations of air traffic control operations as well as full demonstrations of operational systems. By
providing a systematic set of detailed and validated operational scenarios used across different research
efforts, storyboards can support a standardization of research methodology that will allow for
quantitative comparison and aggregation in the form of advanced analytics such as meta‐analysis. This
research standardization fits a major need in evaluating operational and system design concepts.
Without this standardization, independent studies will remain difficult to interpret or determine how
they contribute to an overall body of knowledge.

Conclusion
Storyboards are a powerful method to generate and evaluate operational concepts. They are
commonly used in the design industry to evaluate a product in the context of actual use. The
storyboards that we have developed are being used to evaluate user interaction concepts associated
with planned NextGen capabilities. Thanks to a modular visual architecture, the storyboards can be
modified relatively quickly to accommodate requests for the depiction of additional events in air traffic
control operations. The storyboards also provide very detailed scenarios that can be used to support
standardization of research efforts. Research standardization would allow for more rapid testing of
technology, operational concepts, or user interfaces. This would also assist the FAA with interpretation
and consumption of aviation research.
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